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Human population growth is considered together with climate warming as major driver of 26 
change in Sub-Saharan Africa. Research on the implications of increased population densities 27 
often utilises community knowledge but without incorporating the view of local stakeholders. 28 
In this study, we applied a community-centred approach to direct and indirect consequences 29 
of population growth in drylands of north-western Kenya. Combined social, agricultural and 30 
geo-spatial analyses allowed us to identify major system transitions, determine their linkage to 31 
population growth and deduce consequences for local livelihoods and community resilience. 32 
Community-members reported positive and negative consequences of fourfold population 33 
growth since 1974 but evaluated its overall effect as clearly beneficial. This overall positive 34 
effect was based on both, positive developments and the successful mitigation of potential 35 
system stressors. First, food security was maintained despite high growth rates because a shift 36 
from migratory pastoralism to a more labour-intensive agro-pastoralist system helped to 37 
increase agricultural productivity. Additionally, land-use changes were linked to land 38 
privatisation and improved erosion protection on private land, decoupling population growth 39 
from environmental degradation. 40 
We, however, detected also early warning signs of reduced community resilience as 41 
households were unable to fully recover livestock densities after catastrophic events. A 42 
population-growth driven reduction in household land-sizes and the decreased monetary value 43 
of agricultural production were identified as drivers of this development. The extrapolation of 44 
our results to establish a general relationship between population densities, land-use and 45 
household resilience in Sub-Saharan drylands suggest that further system transformations will 46 
be required to ensure regional food-security.  47 
3 
 
1. Introduction 48 
Human population in Sub-Saharan Africa is expected to show average annual growth rates 49 
of 2% and result in an increase by one billion people between 2015 and 2050, doubling the 50 
current population within the next 35 years (UNPD, 2015). Past population growth in Sub-51 
Saharan Africa has been linked to economic challenges and contributed to an absolute 52 
increase of people living in extreme poverty (World-Bank-Group, 2016). Consequently, Sub-53 
Saharan Africa shows stagnant poverty rates since the early 1990s and currently hosts half of 54 
the world’s population with an income of less than 1.90$ day-1 (World-Bank-Group, 2016).  55 
Local demographic growth will likely be accompanied by climatic changes above global 56 
rates (IPCC, 2014; Thornton et al., 2014) and mean temperature rises of  2.5 to 6 ˚C until the 57 
end of the century (Niang et al., 2014). Even more important than net changes might be 58 
projected increases in inter-annual and inter-seasonal variability (IPCC, 2012). Higher 59 
climatic fluctuations and associated changes in the frequency and severity of heat stress and 60 
droughts (Dai, 2011; Trenberth et al., 2014) are substantially understudied (Thornton et al., 61 
2014) but bear severe consequences for the provision of ecosystem services (Rowhani et al., 62 
2011; Vasseur et al., 2014). Thus, a crucial question determining future development 63 
trajectories is how human population growth may affect the resilience of local communities to 64 
withstand extreme climatic events.  65 
In arid and semi-arid regions, which account for 56% of Sub-Saharan Africa (Otte and 66 
Chilonda, 2002) and host a third of its population (FAO, 2000), traditional land-management 67 
practices are well adapted to high climate variability. Households predominantly engaged in 68 
migratory pastoralism and could thereby mitigate resource fluctuations (Bollig, 2006; Turner 69 
et al., 2014). Common landownership and the governance of rangelands by chiefs and elders 70 




In the past decades, however, many pastoralist communities throughout Sub-Saharan Africa 73 
have reduced migratory practices, privatized community-owned land and switched to mixed 74 
agro-pastoralist land-uses (Jones and Thornton, 2009). Drivers of such shifts are diverse 75 
(Lesorogol, 2008), but higher population densities was a prerequisite to replace extensive 76 
practices by more labor-intensive land management techniques (Boyd and Slaymaker, 2000; 77 
Goodhue and McCarthy, 2009; Tiffen et al., 1994). Further, pastoralism and common land 78 
tenure has frequently been related to overgrazing and was long viewed as backward practice 79 
impeding development (Benjaminsen et al., 2006; Wernersson, 2018). Hence, many 80 
governments in East and South Africa endorsed sedentarisation and privatization to stimulate 81 
agricultural production and facilitate an easier administration of rural areas (Eriksen and 82 
Silva, 2009; Smucker and Wisner, 2008).   83 
The implications of such land-use changes and population increases are strongly dependent 84 
on a number of different system properties (Maystadt and Duranton, 2014; Siedenburg, 2006; 85 
Tiffen et al., 1994). Key-factors supporting an overall positive development are (i) the 86 
suitability of the area to grow cash crops such as coffee or tea, (ii) the proximity to local and 87 
national markets, (iii) a moderate scarcity of land that promotes soil and water conservation 88 
measures, and (iv) policy support to prevent the collapse of social structures and institutions 89 
(Boyd and Slaymaker, 2000). If socio-ecological systems do not meet these criteria, 90 
population growth and associated reductions in the household land-sizes can trigger 91 
overexploitation of ecosystem services, environmental degradation and reduced drought 92 
resistance (Konig et al., 2013; Shiferaw et al., 2014). Together with the negative effects of 93 
habitat fragmentation (Hobbs et al., 2008), these developments increase the risk of poverty 94 
traps and decrease the adaptive potential of households (Barrett and Swallow, 2006). 95 
The overall impact of privatisation, sedentarisation and population growth is further 96 
mediated by trade-offs at the household level. A switch to mixed agro-pastoralist systems may 97 
for example enhance average yearly production but increase drought vulnerability (Delgado et 98 
5 
 
al.; Tache and Oba, 2010) and increase inequalities between rich and poor households 99 
(Lesorogol, 2003, 2008). Such trade-offs are often highly complex and can arguably best be 100 
evaluated by community members. Nevertheless, management decisions are frequently made 101 
at supra-regional levels with little or no community involvement (Behnke and Kerven, 2013; 102 
Whitfield and Reed, 2012). Furthermore, scientific studies might utilise community 103 
knowledge but even thorough assessments often fail to properly incorporate the view of local 104 
stakeholders in trade-off evaluation (Dietz et al., 2009).  105 
Our aim in this study was to assess the impacts of past population growth on agricultural 106 
practices and socio-ecological dynamics in a small and relative homogenous area in West 107 
Pokot, Kenya. We combined complementing analyses of village maps, focus group 108 
discussions, on-farm interviews and satellite images to address the following specific 109 
objectives: (i) Identify major positive and negative socio-ecological developments in the last 110 
30 years from a community perspective, (ii) determine if and how they were related to 111 
population growth and (iii) evaluate potential effects for drought resilience at the household 112 
level.  113 
2. Methods 114 
2.1 Site description 115 
Our study area was the sub-location Pserum of West Pokot County in the Northern Rift 116 
Valley. The region is characterized by a semi-arid climate with a long-term average of 700 117 
mm annual precipitation, monthly average temperatures between 20 and 22 ˚C and an 118 
elevation of 1600 – 1700 m (NDMA, 2014; Nyberg et al., 2015). Soils are heterogeneous but 119 
are mainly characterized as fragile and infertile (FAO, 2006). Prognoses of future climate 120 
conditions predict minor changes in average length of the growing season but substantial 121 
increases of inter-annual rainfall variability (IPCC, 2012).  122 
Households belong predominantly to the people of Pokot and largely rely on subsistence 123 
agriculture as the agricultural sector provides food and cash needs for approximately 90 124 
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percent of the population (County Development Plan, 2012). Connectivity to urban centres is 125 
low with travel times of >5 hrs to large markets in Kisumu and Nairobi. Since the 1980s, a 126 
transition of land tenure has been noticed, community land has been privatized and seasonal 127 
livestock migrations reduced (Nyberg et al., 2015). The Kenyan government has in the past 128 
supported privatisation (Lengoiboni et al., 2010) and the NGO Vi-Agroforestry promoted 129 
during the late 1980s and early 1990s the construction of life-fences in the region, a measure 130 
often linked to privatisation (Wairore et al., 2016). Our study was focused on a relatively 131 
small area of ~10 km2 because at larger scales, a high spatial heterogeneity in land tenure and 132 
management is typical for West Pokot and many rural communities in East Africa 133 
(Oostendrop and Zaal, 2012).   134 
2.2 Data collection 135 
Data on changes in population density, agricultural practices socio-economic conditions 136 
over time were collected through (i) qualitative interviews, (ii) gender-separated focus group 137 
discussions and (iii) semi-structured interviews between 12.2014 and 10.2015. Qualitative 138 
interviews were held with 10 selected key-informants, a vice-chief, a teacher, a catechist, an 139 
employee of a regional NGO and three male and three female farmers from different age 140 
classes (range: 18 to 68). Informants were interviewed on their opinion of social, ecological 141 
and economic effects of past population growth, which provided a baseline for designing 142 
questionnaires used in semi-structured interviews. 143 
A total of six focus group discussions were organised in three villages. In each location, 144 
focus group discussions for 7-13 female and male participants was organized. Participants 145 
were encouraged to discuss the effects of population growth on their livelihoods and jointly 146 
identified the most important positive and negative consequences. Thereafter, a voting 147 
processes helped to determine the relative importance of positive and negative livelihood 148 
changes. Each participant could freely distribute five votes between beforehand identified 149 
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positive and negative consequences of population growth, respectively (Two separate polls, 150 
multiple casts for one effect were possible). 151 
Focus group participants further mapped the distribution of households in their village in 152 
1975-1980 and during present days. Village size ranged between 1.9 to 2.6 km2. Male farmers 153 
had a very detailed knowledge of past and present livestock numbers and crop plantation sizes 154 
of different households, which allowed us to collect estimates of people, life-stock and crop 155 
plantations per household. 156 
Semi-structured, on-farm interviews were conducted with 30 households along two 157 
predefined transect lines. Interviews were made with either female or male household heads 158 
(12 f, 18 m) and households, which participated in focus group discussions, were excluded to 159 
prevent double assessments. Interviewees were asked to state the reasons for changes in (i) 160 
life-stock numbers, (ii) crop growing areas and (iii) vegetation cover and soil fertility. 161 
Interviewees enumerated changes since 1990, a time period also younger farmers could refer 162 
to. Questionnaires and detailed results are presented in appendix 1. 163 
2.3 Geo-spatial analyses 164 
Village maps created in focus group discussions were georeferenced to determine their 165 
exact size and position. The degree of land privatisation and habitat fragmentation was 166 
quantified by counting the number of fence crossing along virtually created transect lines 167 
within village boundaries. Therefore, a net of transect lines with 500 m grid length was laid in 168 
Google Earth Pro over high-resolution satellite images of 2002 and 2014, the only two years 169 
for which suitable images were available, and the number of fence crossings per km transect 170 
was counted (see supplementary information, Fig. S1). A 2.5 km transect walk to ground-truth 171 
satellite-based fence quantification revealed a 94% accuracy of fence identification.  172 
Further, we aimed to test whether there was a relationship between population densities of 173 
sub-locations in West-Pokot and the degree of land privatisation. We first selected 12 sub-174 
locations with similar, elevation and average annual rainfall to Pserum (NDMA, 2014; Table 175 
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S1) and then randomly selected 3-6 areas with a size of 1.9 km2. We then repeated the 176 
quantification of fence crossings per km transect line as described above. This allowed us 177 
relate population densities in sub-location to the number of fence crossings km-1 transect line 178 
(see 2.4 for details). 179 
Satellite images were further used to quantify the length of gullies in three randomly 180 
selected areas in Pserum (total area of 27.6 km2, see Table S2 for coordinates). We defined 181 
gullies by the presence of erosion signs such as bare soil or erosion flutes. However, a smooth 182 
transition between gullies and seasonal rivers complicate their categorisation. To improve the 183 
accurateness of our satellite analysis, we hence used GPS ground survey data of gully 184 
occurrence in a 2.5 km2 area for method calibration (see section S1 for further details).                185 
2.4 Conceptual and statistical assessments  186 
We synthesized the information generated in different approaches by creating a causal loop 187 
diagram of socio-economic relationships in the study area. The diagram illustrates the 188 
relationships between key system variables and important external drivers. Key system 189 
variables represent factors, which strongly affect local livelihoods and can be altered by 190 
internal system dynamics. External drivers affect system variables, but are largely unaffected 191 
by changes of internal dynamics. We reviewed the complexity of the causal loop diagram and 192 
only maintained variables and links for which strong evidence was available. We, therefore, 193 
acknowledge that system dynamics are potentially more complex and our analysis represent a 194 
simplified version of real interaction structures. Further, we want to state that we combined 195 
information from analyses with different time frames. Under ideal conditions, we would have 196 
recorded multiple data points over time and used identical investigation periods. However, 197 
each method had its specific limitations and data availability from West-Pokot County is 198 
generally very low. Hence, we attempted to compensate data insufficiencies by the 199 
combination of different methods and time scales during the compilation of our causal loop 200 
diagram.  201 
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We assessed differences between past and present (i) number of people, (ii) livestock and 202 
(iii) the area of crop plantations per household with paired Welch’s t-tests. Relationships 203 
between these factors were explored in partial correlation analysis, which included village 204 
identity and year as covariates to account for systematic differences over time and space. We 205 
tested for normal distribution of variables and applied data transformations whenever 206 
necessary. Further, we compared the variance homogeneity of livestock and crop plantation 207 
possessions in 1975 and 2015 using Flinger’s variance test for samples with unequal sample 208 
sizes to evaluate how the distribution of wealth within communities changed over time. The 209 
relationship between population densities and the number of fence-crossing per km transect 210 
line in sub-locations was analysed in a linear regression. Two models, one with log-log 211 
transformed data and one with untransformed data were created and compared using the 212 
Akaike Information Criterion (AIC) to determine whether the relationship was better 213 
described by linear or exponential models. Residuals were controlled for autocorrelation, 214 
variance homogeneity and the occurrence of other patterns. All statistical analyses were 215 
performed using the software program R (R Development Core Team, 2018). 216 
3. Results 217 
3.1 Positive and negative dimensions of demographic change 218 
Governmental census data indicates high and continuous population growth rates of 3.22% 219 
per year since the 1979 in West-Pokot. Community members stated that population growth 220 
was related to a broad spectrum of social, ecological and economic developments (Fig. 1; see 221 
Fig. S3 for gender specific results). While both, positive and negative implications were 222 
reported, there was a broad consensus among community members that the overall effect of 223 
past population growth was clearly positive.  224 
Most important positive effects of population growth were infrastructure improvements and 225 
better market access, which received 22 and 16% of positive votes, respectively. Landscape 226 
restoration, due to the construction of life fences and land privatization, was also seen as 227 
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indirect result of population growth and were considered as slightly more important than 228 
cultural and religious effects of population growth (Fig. 1A). A major negative impact of 229 
population growth was decreased drinking water availability (28% of negative votes), which 230 
was mainly attributed to lower water quality. In contrast to the restoration of private land, 231 
farmers stated that higher population pressure led to the further degradation of community 232 
land and the reduction of on-farm soil fertility, which together received 18% of negative 233 
votes. Further negative effects of population growth were higher economic pressures due to 234 
life-style changes (17%) and decreased household land sizes (16%).  235 
3.2 Changed agricultural practices 236 
While average household size varied around 8.7 persons and showed no significant change 237 
over time (df = 35, p = 0.65), livestock numbers drastically decreased in average households 238 
(Fig. 2). Stock sizes of cattle, sheep and goats all declined by >80% resulting in a drop from 239 
91 to 10 tropical livestock units (TLU) household-1 between 1975 and 2015. The area used for 240 
crop production, on the other hand, increased significantly from 1.4 to 2.5 ha household-1 (df 241 
= 46, p <0.01). Such an increase represented an augmentation of the relative contribution of 242 
crop plantations to total farm area from 5.6 to 37.0%. 243 
 Stock sizes of cattle, goats and sheep were all positively correlated (r >0.64, p <0.001) and 244 
relative contributions of cattle to livestock increased with total livestock numbers household-1 245 
(r = 0.34, p <0.001). The number of persons household-1 was positively related to total 246 
livestock sizes and the crop plantation areas household-1 (r > 0.18; p <0.01). The relative 247 
frequency of the main crop types changed over time with maize increasing and millet and 248 
sorghum decreasing (df = 36, p <0.001; Table 1). Innovations in husbandry were the 249 
introduction of poultry (16.3 ± 9.0 chicken per household) and non-native livestock breeds. 250 
Non-native breeds, which require more resources and intensive care, were considered to be of 251 
major importance by 27% and of minor or no importance by 46 and 27% of interviewees, 252 
respectively. Analyses of the relative distribution of livestock and crop area among 253 
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households revealed that inequality in the distribution of total livestock was higher in 2015 254 
(Fligner-Killeen test; p <0.001). No significant differences in the distribution of crop 255 
plantation area was found between years (p = 0.11). 256 
A major characteristic of changed agricultural practices was the construction of fences and 257 
consequent habitat fragmentation. Satellite-based analyses revealed that the number of fence 258 
crossing per transect distance increased significantly between 2002 and 2014 (Fig. 3A; paired 259 
t-test, df = 2, p = 0.02). Yearly growth rates of 2.74%, however, were not significantly 260 
different from yearly population growth rates (paired t-test, df = 2, p = 0.50). Further, there 261 
was significant positive effect of population densities on habitat fragmentation in sub-location 262 
with comparable climatic conditions across West-Pokot (log(y) = 1.2 log(x) – 3.7; r2 = 0.72; p 263 
< 0.001). A model using logged data had a substantially lower AIC than the model using 264 
untransformed data (48 vs 13), indicating that there was an exponential relationship between 265 
population densities and the number of fences in an area (Fig. 3B). Satellite analyses also 266 
demonstrated the progression of erosion in the region. The length of gullies per area increased 267 
significantly from 1700m km-2  in 2002 to 2000m km-2 in 2014 (paired t-test, T2 = 6.5, p = 268 
0.03; Fig. 3A).  269 
3.3 Changing internal system dynamics 270 
Drivers of changes in agricultural practices were analysed in semi-structured interviews 271 
(Fig. 4). Farmers stated (i) decreased land size household-1, (ii) disasters such as diseases and 272 
droughts, and (iii) health and education cost related life-stock sales (economic pressures) as 273 
main causes of reduced livestock herds. Fewer community grazing areas and the abandonment 274 
of seasonal livestock migrations were also considered, but only by <30% of interviewees (Fig. 275 
4A). The most important explanation for increased crop plantation was the need to 276 
compensate for lower livestock herd sizes household-1. Improved market, mechanization and 277 
an improved farming knowledge were mentioned by >40% of interview partners. 278 
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We summarised results in a causal loop diagram (Fig. 5) to conceptualise how population 279 
growth and several external drivers (e.g. climatic change, governmental and NGO activities) 280 
affected system dynamics. A major system transition was the switch from migratory 281 
pastoralism to mixed agro-pastoralism, which was mainly driven by (i) reduced land-size per 282 
household, (ii) land privatisation and (iii) higher economic pressure on households. While 283 
shifts in agricultural land-use were evaluated as relatively neutral by community members and 284 
associated to negative and positive developments (e.g. benefits of sedentary life style vs. 285 
livestock losses, Fig 1), our analysis revealed warning signs of reduced household resilience. 286 
A combination of pulse (droughts and diseases) and press disturbances (economic pressure) 287 
were major reasons for livestock declines and suggest that lower land-sizes but also increased 288 
reliance on crop production have weekend the potential of households to recover after 289 
catastrophic events.    290 
4. Discussion 291 
Population growth in Sub-Saharan Africa, which is projected to be sustained at a high level 292 
during future decades (UNPD, 2015), has frequently been accompanied by major system 293 
transitions (Biazin and Sterk, 2013; Rufino et al., 2013). We revealed that the consequences 294 
of past population growth in the drylands of north-western Kenya was overall evaluated as 295 
positive by local communities. Nevertheless, we also detected early warning signs for 296 
decreasing socio-economic resilience and the potential of future population growth to 297 
destabilise households facing a warmer and more variable climate. 298 
4.1 Positive impact of past population growth 299 
The overall positive impact of past population growth on local livelihoods was based on a 300 
range of diverse factors. Community members considered infrastructure development (e.g. 301 
roads, schools, health institutions) and the growth of local market as major improvements, and 302 
thereby highlighted factors, which are frequently considered as crucial for rural development 303 
(Eriksen and Silva, 2009; Shiferaw et al., 2014).  However, the overall positive effect of 304 
13 
 
population growth resulted not only rely from beneficial developments but was also based on 305 
the prevention of major negative development trajectories. 306 
A fundamental challenge in many African drylands are food insecurities (Douxchamps et 307 
al., 2016), which are often fuelled by population growth (Thornton et al., 2009) and 308 
intensified drought as result of climate change (Trenberth et al., 2014). In our study area, 309 
however, food security was not an issue and received only a single vote as negative effect of 310 
population growth. A prerequisite for maintaining a sufficient calorie production per 311 
household despite the shrinking land-sizes was a transition from migratory pastoralism to 312 
agro-pastoralist systems.  313 
While TLU fell from 10.5 to 1.3 person-1 and hence dropped below the threshold of 4.5 314 
TLU person-1 to guarantee pastoralist food security (Fratkin and Roth, 1990; Luisgi, 1983), 315 
increased crop plantation substantially supplemented food production. This successful 316 
compensatory mechanism stands in contrasts to case studies from Northern Kenya and 317 
Southern Ethiopia where agro-pastoralists are often not able to sustain their own livelihoods 318 
(Fratkin et al., 2004; Tache and Oba, 2010). Factors contributing to higher success rates in 319 
Pserum were probably comparatively high rainfall levels (~600-700mm), spreading 320 
agricultural mechanisation and the knowledge of local farmers on crop cultivation techniques. 321 
Despite a generally large variability at the household level (Oostendrop and Zaal, 2012), the 322 
application of manure, the use of crop residues as animal fodder and the plantation of trees to 323 
prevent erosion were widely established (Wairore et al., 2016; Wernersson, 2018) and likely 324 
contributed to improved local food security.  325 
A second major factor was the decoupling of population growth from landscape 326 
degradation. In many regions, increased human population pressure has been related to over-327 
utilisation of ecosystem services, soil erosion and deforestation (Boyd and Slaymaker, 2000; 328 
Konig et al., 2013). On the contrary, community members in our target region related 329 
population growth with improved land conservation (Fig. 1), revealing similarities to 330 
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Machakos in Central Kenya (Tiffen et al., 1994). Just as in Machakos, which is often referred 331 
to as model for land management at high population densities (Siedenburg, 2006), moderate 332 
land scarcity and increased labour availability motivated soil conservation efforts and reduced 333 
erosion in our study area. Land conservation efforts were, however, much stronger linked to 334 
production for subsistence and regional markets, which contrast the situation in Machakos 335 
where the importance of cash crops and the proximity to large markets in Nairobi are 336 
frequently highlighted (Boyd and Slaymaker, 2000; Oostendrop and Zaal, 2012). 337 
4.2 Considerations of household resilience 338 
Despite the overall positive effect of population growth on local livelihoods, we recorded 339 
early warning signs of decreasing household resilience. Changes in agricultural practices such 340 
as the introduction of more resource-demanding animal breeds were not sufficient to explain 341 
decreased livestock densities. Instead, farmers stated press and pulse disturbances as major 342 
reasons for lower livestock numbers household-1 (Fig. 4). Livestock sales represents the main 343 
income source and an important drought-coping mechanism for many agro-pastoralists (Perez 344 
et al., 2015; Smucker and Wisner, 2008). Hence, the inability of farmers to re-establish stock 345 
sizes after catastrophic events reflects a lowered adaptive potential and shock-resistance. 346 
A decreased household resilience was probably the result of several interconnected factors. 347 
First, privatisation and agricultural land-use changes were linked to habitat fragmentation 348 
(Fig. 3A) - a prerequisite for agricultural intensification that is, however, linked to trade-offs 349 
(Hobbs et al., 2008). Key resources for livestock keeping such as water wells or dry- and wet-350 
season grazing grounds are often spatially separated (Pearson et al., 2016; Wernersson, 2018). 351 
The spatial separation of these production resources may cause a general decrease in 352 
agricultural productivity (Hobbs et al., 2008). Further, privatisation and habitat fragmentation 353 
restrict or eliminate the possibility that pastoralists migrate with their livestock (Turner et al., 354 
2014). Switches from common to private land tenure, consequently, reduce spatial integration 355 
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of resource use and may increase drought vulnerability (Smucker and Wisner, 2008; Tache 356 
and Oba, 2010). 357 
While households managed to maintain food security by compensating decreasing livestock 358 
numbers through higher crop production, reductions in the monetary value of production are 359 
more difficult to mitigate. Maize yields usually range around or below 1t ha-1 year-1 in Pserum 360 
(Benjamin Lokorwa, personal observation) and are low compared to other tropical regions 361 
(Shiferaw et al., 2014). The observed plot extension by 1.1 ha household-1 therefore only led 362 
to an estimated increase in the monetary value of production by 330 US$ household-1 year-1 363 
(2015 maize price level; Levin and Vimefall, 2015) if productivity remained unchanged. The 364 
annual monetary production per TLU in Sub-Saharan drylands ranges around 240 US$ 365 
(Behnke and Kerven, 2013, see S2 for details of calculation). Based on these estimations, the 366 
observed decrease of 87 TLU household-1 would have resulted in a monetary production loss 367 
of >20 000 US$ household-1 year-1. Such calculations should be interpreted with caution 368 
because (i) livestock productivity has likely changed over time and (ii) pastoralist 369 
communities were much less commercialised 40 years ago. Nevertheless, these numbers 370 
highlight that livestock generates still today most of household revenues (Nyberg et al. 2015). 371 
A further reduction in land size and TLU household-1 would not necessarily reduce food 372 
security but almost certainly result in a decrease of household revenues. Lower income and 373 
financial reserves would substantially deteriorate the potential of households to undergo self-374 
initiated transformation, a crucial component of resilience when adaptations alone do not 375 
suffice to mitigate negative effects (Folke et al., 2010). Consequently, further reductions in 376 
household income is an alarming sign in face of projected climatic changes (Niang et al., 377 
2014). 378 
Finally, community resilience is tied to the distribution of wealth distributions 379 
(Douxchamps et al., 2016). Smucker and Wisner (2008) revealed that wealthier households in 380 
Central Kenya had access to a larger number and more successful drought mitigation 381 
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strategies. Further, Lesorogol (2009) highlighted the importance of livestock sales as drought 382 
coping strategy. We found in our study an increase in the variability of livestock possession 383 
after the switch in agricultural land-uses. While in 1975 the richest quartile owned 43% of 384 
total livestock, this number raised to 58% in 2015. As agricultural revenues are mostly 385 
generated by livestock keeping (Nyberg et al. 2015) and income from off-farm activities is 386 
low (County Development Plan, 2012), wealth inequalities have likely increased. A further 387 
shrinking of livestock numbers may endanger especially poor households and reduce their 388 
capacity for self-sustained recovery (Barrett and Swallow, 2006; Eriksen and Silva, 2009; 389 
McCabe et al., 2010).  390 
4.3 Potential future trajectories 391 
Past population growth went hand in hand with a number of fundamental socio-ecological 392 
changes (e.g. land-use transitions, infrastructure developments) in most Sub-Saharan dryland 393 
regions (e.g. Jones and Thornton, 2009). Without doubt, the complexity of interdependencies 394 
and feed-back loops between different factors turn the identification of causal drivers into a 395 
challenging task. However, we argue that system simplifications are an essential step to 396 
evaluate potential future development trajectories and therefore developed in the following 397 
section hypotheses for the relationship between population densities and other key factors. 398 
In our study area, the vast majority of households are, just as in most Sub-Saharan dryland 399 
areas, based on agricultural income. In such a context, population growth necessarily leads 400 
either to a decrease of the available community grazing area per person or to a subdivision of 401 
farms under private land tenure (Masters et al., 2013). Traditional, community-based land 402 
management represents a socio-ecological system that is well adapted to variable climatic 403 
conditions (Jones and Thornton, 2009; Morton, 2007). Consequently, traditional systems first 404 
have to be destabilised before land-use changes may occur. We suggest that reductions in 405 
grazing areas per person with population growth eventually results in decreased food security 406 
(Fig. 6) and that unreliable food supply represents a major driver of land privatisation, 407 
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agricultural intensification and habitat fragmentation. Certainly, also other factors such as 408 
immigration of farmers, government policies or the activity of NGOs may trigger to land-use 409 
changes (Lesorogol, 2008; McCabe et al., 2010). However, both, our synthesis of interview 410 
data (Fig. 5) and the results of GIS-based analyses (Fig. 3B) indicate that population densities 411 
also play an important role. 412 
While a switch to more labour intensive agro-pastoralist systems can result in substantial 413 
productivity increases (Tiffen et al., 1994), land-use changes also may also affect system 414 
resilience. The spatial integration of resources in traditional systems based on seasonal 415 
livestock migration is characterised by an initially high household stress resistance (Jones and 416 
Thornton, 2009; Morton, 2007). However, especially at high population densities, self-417 
enforcing feed-back loops can lead to overgrazing and ecosystem degradation (Hardin, 1968). 418 
Agro-pastoralism, on the other hand, represents an agricultural diversification and as crop 419 
production and pastoralism have different drought-sensitive periods during annual cycles, a 420 
switch in land-use practices may temporarily increase drought resilience (Fig. 6; Biazin and 421 
Sterk, 2013). 422 
Though, further population growth will also in a privatised agriculture-based systems 423 
eventually lead to food shortages unless productivity is increased simultaneously. Agricultural 424 
advances such as the introduction of improved varieties certainly have the potential to achieve 425 
productivity increases (Havlik et al., 2014; Shiferaw et al., 2014).  Yet, once household land 426 
sizes fall below a crucial level even highly diversified and well-managed systems are not self-427 
sustainable and become dependent on food subsidies (Conelly and Chaiken, 2000). Further, a 428 
shortage of financial reserves results in increased drought vulnerability (Fig. 6). Therefore, the 429 
prevention of such negative development trajectories in the face of ongoing population 430 
growth will require further system transformations. Possibilities include the introduction of 431 
irrigation-based agriculture (Enfors, 2013) or agricultural mechanisation and parallel increase 432 
of off-farm job opportunities (Bryceson, 1996). Such system transformation are, however, 433 
18 
 
often linked to substantial transformation costs (Marshall, 2013) and local communities will 434 
not be capable to cover these costs if transition processes are delayed and household incomes 435 
drop below critical threshold levels. 436 
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Table 1: Changes in relative frequencies of main crop types in Pserum. 597 
Year Maize [%] Millet [%] Sorghum [%] 
1975 28 43 29 
2015 82 12 6 




Fig. 1: Distribution of community votes between positive (A) and negative (B) effects of 600 
population growth on a self-defined range of social, ecological and environmental factors.  601 
24 
 
Fig. 2: Changes in livestock sizes, crop production and human demographics over time. (A) 602 
Number of persons, different livestock species and crop plantation area per household. Error 603 
bars indicate standard deviations of household data (n1975 = 25, n2015 = 83), letters denote 604 
significant differences between years. (B) Human population density in the location of 605 
Pserum and (C) in the county of West Pokot. Data was derived from village maps (A-B) and 606 




Fig. 3: The number of fence crossings per transect distance as indicator of landscape 609 
fragmentation and the length of gullies per km2 in 2002 and 2014 in Pserum. Letters denote 610 





Fig. 4: Drivers of (A) decreased livestock numbers and (B) increased crop plantation area 614 
stated by farmers in household interviews. Interviewees were encouraged to express all 615 
relevant drivers of change. Answerers stated in more >25% of interviews were included.   616 
27 
 
Fig. 5 Causal loop diagram providing a conceptual overview on population growth and its 617 
effects on internal system dynamics in Pserum during the last 30 years. Links outside the 618 
dashed inner circle summarise focus-group and interview data, links inside the circle were 619 
added to relate system dynamics to household resilience. External factors are highlighted in 620 
yellow, stressors are printed in red. Arrows indicate the direction and plus and minus signs 621 
the stimulating or inhibiting nature of interactions. E.g. land size and livestock are positively 622 
related, resulting in a negative effect of lower land sizes on livestock densities household-1.   623 
28 
 
Fig. 6: Conceptual relationship between population density, food production per capita, land 624 
fragmentation and the vulnerability to catastrophic events in Sub-Saharan drylands. Three 625 
states were defined. State 1 is characterised by migratory pastoralism and community land 626 
tenure. Once all arable land is utilised, further population growth increases the risk of 627 
overgrazing and decreases food production per capita. State 2 represents a transitional state. 628 
Multiple drivers, among them food insecurity, trigger a switch from community to private 629 
land tenure, which is linked to habitat fragmentation and a switch from migratory pastoralism 630 
to sedentary agro-pastoralism. Agricultural intensification facilitates the increase of food 631 
production per capita. In state 3, all land has been privatised. Habitat fragmentation 632 
nevertheless continues as population growth leads to subdivision of plots. There is a tendency 633 
towards increased drought vulnerability and a lower per-capita food production with further 634 
population growth. However, the development of these factors strongly depends as indicated 635 
by shaded areas on internal dynamics and management strategies. 636 
